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Abstract 
A scale-up method proposed by using Hoyt was used to evaluate the drift resistance of 
running fluid in a district heating gadget(DHS) after a surfactant drag reducer, CTAC/NaSal, 
changed into brought. The measured drag discount statistics of one hundred ppm surfactant 
answer obtained from an 18.5 mm diameter pipe inside the laboratory were used for the 
assessment. The effects show that the reduction of the pressure drop in the machine reaches 
23.28% by means of the addition of surfactants, indicating a superb energy saving effect and 
utility prospective. Comparing with the effect of 100 ppm answer, it's far observed that the 
drag discount will no longer be further stepped forward obviously within the gadget with 
increasing concentration. It became also found that the nearby strain drop takes a big share 
within the overall strain drop of the DHS, which couldn't be reduced by using adding the 
surfactants. 
 
INTRODUCTION 
District heating systems (DHSs) are 
extensively used in engineering fields. The 
strength intake of DHS is a main branch of 
the entire global electricity intake, so the 
observe on the power-saving technique of 
DHS is quite essential. The application of 
the drag reducer to the district heating 
system can reduce turbulent waft friction 
drag, increase glide fee, and shop power 
[1–4]. Jiao et al. [5] mentioned that the 
drag discount effect of the entire pipe 
device ought to be received inside the 
unique DHS with drag reducers. As is well 
known, the drag reduction information are 
typically received in small diameter pipes 
in laboratory, which cannot be 
immediately used to evaluate the drag 
reduction performance of fluid glide in 
huge diameter pipes of the district heating 
gadget due to the pipe diameter impact of 
surfactant drag reducing drift. 
consequently, the size-up approach is 
wanted to calculate the drag reduction 
overall performance of large diameter pipe 
inside the business fields based on the 
statistics measured from the smaller pipe 
diameters inside the laboratory. inside the 
present observe, we evaluate the drag 
discount overall performance of the 
CTAC/NaSal surfactant waft in the DHS 
by using scale-up method. 
 
EXPERIMENTAL 
Surfactant solution. 
The cationic surfactant used in the present 
observe became cetyltrimethylammonium 
chloride (CTAC) (Shandong Fusite 
Chemical Co., Ltd., China, 70% purity), 
with a molecular weight of 320.0 g/mol, 
which is much less stricken by calcium 
and sodium evidently present in tap water. 
Sodium salicylate (NaSal) (Yixing town 
Shenguang medicinal drug chemical 
substances Co., Ltd., China, 99% purity), 
with molecular weight of one hundred 
sixty.1 g/mol, changed into delivered to 
the solution with the identical weight 
attention as that of CTAC to offer counter 
ions. The surfactant solution is marked by 
way of CTAC concentration.  mass 
concentrations of one hundred and two 
hundred ppm of the surfactant answer had 
been used in thetest by dissolved CTAC 
and NaSal in faucet water. 
 
2.2. test Facility. figure 1 schematically 
suggests the closed loop drift facility used 
in the gift experiment, in which the metal 
centrifugal pump derived fluids through 
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the reservoir tank (0.45 m3), the stainless 
steel tube, the settling chamber ready with 
a nozzle, the two-dimensional check, 
channel and the diffuser. which will get 
one of a kind fluid temperatures, a manage 
machine with a 4.3 kW heater became 
 
 
“Fig 1: Schematic diagram of -dimensional water channel” 
 
set up in the reservoir tank. The 
temperature of the fluid became controlled 
to ±zero.1 k across the prescribed fee. 
 
3. Pipe Diameter impact and Scale-Up 
technique 
3.1. Pipe Diameter impact. For turbulent 
float of Newtonian fluid through a smooth 
pipe, the friction resistance coefficient is 
best a feature of Reynolds quantity and is 
expressed as- 
 
 
 
The above equation is the Karman-Prandtl 
resistance formulation that's suited to fully 
evolved turbulent flow via smooth circular 
tubes, in which λ is friction resistance 
coefficient and Re is Reynolds quantity. 
but, for drag-decreasing fluids within the 
non asymptotic location, this is not the 
case, even for the equal drag reducer, the 
effects of friction reduction are 
extraordinary for one-of-a-kind pipe 
diameters. This is the so-known as 
“diameter impact” for drag-lowering fluids 
[6]. This effect indicates that the friction 
resistance coefficient isn't always handiest 
dependent on Reynolds quantity however 
additionally dependent on the pipe 
diameter. The friction resistance 
coefficient or Fanning friction issue Cf can 
be expressed as 
 
 
 
This impact is a vexing difficulty from the 
realistic factor of view. It isn't always very 
difficult to measure the drag-discount 
stage (DR) for a given fluid in tubes with 
diameters from 10 to 60 mm in the 
laboratory, however it is not clean for an 
awful lot large pipes. In a hydronic gadget 
of a building, the pipe diameters vary from 
40 mm to 350 mm, so it's far higher to are 
expecting DR in this kind of building 
system by means of using scale-up 
technique [7]. 
 
Test of the Scale-Up Technique 
Proposed By Using Hoyt 
Through the above dialogue we can know 
that the scaling procedure proposed 
through Hoyt has incredible advantage as 
compared with others. consequently, in 
this take a look at, we attempt to use this 
scale-up method to investigate and manner 
the dimensions impact of the CTAC/NaSal 
(HexadecylTrimethyl Ammonium 
Chloride/Sodium salicylate) surfactant go 
with the flow. The ratio of CTAC to NaSal 
is 1 : 1 by using weight. at the identical 
temperature of 31◦C and the identical 
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awareness of a hundred ppm, the friction 
coefficient of CTAC surfactant solution 
suggests exquisite differences for one-of-
a-kind pipe diameters, which shows that 
the CTAC surfactant solution has a robust 
length impact. The information for D1 = 
17.4 mm (the equivalent diameter of 10 × 
a hundred twenty five mm1.4 rectangular 
move-phase of a channel) acquired in the 
laboratory and the records for D2 = 71.1 
mm (the equal diameter of forty × 510 
mm2 square pass-phase of a channel) got 
from the literature [16] are proven in 
figure three. 
 
The “Dean line” [17] for Newton fluid 
turbulent flow is also proven for 
evaluation. determine four suggests the 
prediction of friction factors of 
CTAC/NaSal surfactant flow in 74.1 mm 
diameter pipe from the measured data of 
D1 = 17.5 mm pipe at one hundred ppm 
and 31 ◦C, and the expected values are as 
compared with the real check records for 
the larger pipe of D2 = seventy four.1 mm. 
At the start, the expected values have some 
distinction from the experimental values, 
however the distinction will become 
smaller and smaller with the growth of 
Reynolds numberThe prediction agrees 
nicely with the measured information 
commonly.
 
 
Fig 2: Measured friction elements for one hundred ppm surfactant solutionsin pipes of 18.5 
mm and seventy four.1 mm diameters. 
 
Fig 3: comparison of measured friction elements of 74.1 mm diameter pipe with scale-up 
prediction primarily based at the measured friction elements of 18.five mm diameter pipe. 
consequently, this scale-up approach may be utilized in an real districting heating device. 
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Prediction of Drag discount 
performance of a District Heating system 
with Surfactant components In 
consideration of the best applicability of 
the size-up approach proposed via Hoyt, 
we apply this approach to predict the drag 
reduction overall performance of an real 
district heating system with surfactant 
additives of CTAC/NaSal and hence 
compare the strength saving effect of the 
DHS by way of including surfactant to the 
running fluid in the system.
 
 
Fig 4:“The schematic of the district heating device in a network” 
 
Positioned in Qingdao city, Shandong 
Province, China, is proven in parent five, 
and the stable circles the relationship 
factors of various pipe diameters. The 
lengths, diameters, and go with the flow 
parameters are shown in table 1. since the 
layouts of pipe networks in homes of users 
are not clean, we do now not recall the 
branch pipes (proven as the thinner traces 
connecting homes and comparative thicker 
traces in parent five) leading into 
particular houses. for example, the flow 
rate of pipe no. 15 is not identical to the 
flow rates in pipes no. 16, no. 17, and 18; 
it is due to the fact some of the fluid 
coming from pipe no.15 flows into 
constructing 1 which is not considered. 
The steam coming from the boiler enters 
the heat-replacing station wherein the 
running fluid (water) gets warmth from the 
steam to turn out to be hot water and then 
is supplied to the community users. 
 
 
 
 
30 Page 26-32 © MAT Journals 2017. All Rights Reserved 
 
Journal of Advancements in Material Engineering  
Volume 2 Issue 1  
 
 
 
 
Fig5: Fanning friction factors of 7 one-of-a-kind diameters in the DHS anticipated from the 
experimental statistics of the 18.5 mm diameter channel. 
 
CONCLUSIONS 
The drag discount results of CTAC/NaSal 
surfactant in a network district heating 
gadget turned into evaluated by means of 
the usage of the dimensions-up technique 
proposed by Hoyt, and the main 
conclusions are as follows. 
(1) the dimensions-up technique of Hoyt is 
relevant to the CTAC/NaSal surfactant 
solution, and the facts obtained in our 
setup confirms that the strain drop within 
the system is decreased after adding 
surfactant on this machine. 
(2) The drag reduction quotes of the 100 
ppm and 2 hundred ppm CTAC/NaSal 
surfactants in the DHS are 22.28% and 
23.42%, respectively, which can be a 
whole lot decrease than the drag reduction 
costs measured inside the laboratory. 
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that is due to the life of local fittings in the 
DHS wherein the flow resistance takes a 
very massive share inside the complete 
machine but cannot be reduced by using 
surfactant components. 
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